The influence of magnetic fields on the adsorption of some dyes and other substances from aqueous solution by activated carbon was studied. In a similar manner, the influence of magnetic fields on barium ion sorption by some zeolites from ordinary (H 2 O) and heavy (D 2 O) water was investigated. The data obtained suggest that the presence of a magnetic field decreases the hydrogen bonding energy between water molecules.
INTRODUCTION
The influence of magnetic fields on the sorption of dyes by textiles and on ion exchange from aqueous solutions has been studied previously (Koshkarov et al. 1990; Baran 1997) . However, despite extensive data on the hydration of particles (molecules or ions) in aqueous solution, the mechanism of such a magnetic field effect has not been completely explained. Hydration influences the principal properties of aqueous solutions, i.e. their viscosity, solubility, electric conductivity, the diffusion coefficient of the solute, etc. (Klassen 1982) , with the degree of hydration largely influencing sorption processes whether these are ion exchange in nature or involve molecular species. The mobility and chemical activity of molecules depend to a large extent on the magnitude of hydration, with the formation of metastable aqua complexes of various sizes associated with such hydration depending on the polarizing action of an ion or the dipole moment of a molecule.
The use of NMR methods has led to the suggestion that hydrogen bonding between water molecules is reduced in the presence of a magnetic field, which allows the formation of monomeric water molecules with an increased mobility (Klassen 1982) . Thermographic analysis has shown that, under the influence of a magnetic field, the boiling point of water is somewhat diminished while its thermal conductivity increases (Baran 1999) . In the latter studies it was shown that such conditions led to a decrease of 12% in the heat of the evaporation of water, suggesting that the hydrogen bond energy among water molecules decreases while the 'structure' temperature of the system increases. Hence, magnetic fields have an influence on those physical and chemical processes in aqueous solutions where hydrogen bonding is important. In the light of such ideas, further experiments have been carried out whose results are recorded here.
EXPERIMENTAL
Since the magnetic field effect depends both on the configuration and magnitude of the applied field, as well as on the flow velocity of water or an aqueous solution, the magnetic device employed † First presented at the 5th Ukrainian-Polish Symposium on Theoretical and Experimental Studies of Interfacial Phenomena and their Technological Application, Odessa, Ukraine, 4-9 September, 2000. in the present studies was constructed of two pairs of flat and parallel permanent magnets. Using a pump, the corresponding solution under study was passed twice between these magnets at a flow rate of 4.0 m/min before being employed in subsequent experiments. A full description of the experimental set-up has been given elsewhere (Baran 1997 (Baran , 1999 while the magnetic field configuration employed in the present studies is depicted in Figure 1 .
To investigate the magnetic field effect, the sorption of Ba 2+ ions from 0.01-0.03 N BaCl 2 solutions on to some zeolites and KU-2 ion-exchange resin in the H-form has been studied. The zeolites used were natural clinoptilolite and synthetic granulated Zeosorb-type NaA and NaX as produced in the former German Democratic Republic. Each sorption experiment was conducted by shaking 50 ml of solution with either 1.0 g zeolite or 0.5 g resin at a temperature of 20ºC for known time lengths. The sorption extent was determined by measuring the concentration of Ba 2+ ions present in the solution before and after the sorption process. The experimental error involved in such determinations was ±6%.
For experiments involving the sorption of water-soluble dyes and other substances on BAU brand activated carbon, a sorbent weight of 0.5 g was used in conjunction with 50 ml of an aqueous solution of the respective substance at 10 -4 M concentration, the contact time being 30 min and the temperature employed again being 20ºC. In these experiments, a photometric method was employed to estimate the extent of sorption. It should be noted that in both types of experiments, the contact times employed were much shorter than those necessary to achieve equilibrium in the various systems studied. For this reason, the data obtained provided an indication of the rates of the adsorption processes in all cases.
All reagents employed were of the 'Chemically Pure' variety while their solutions were prepared using distilled water in each case.
RESULTS AND DISCUSSION
Since all the materials used in the present work were ionogenic, with different chemical compositions and structures, changes in the physical and chemical properties of their aqueous solutions as a result of exposure to a magnetic field depended both on the magnetic field strength and the rate at which the solutions were passed through the magnetic field. Such effects are therefore capable of being both increased and decreased. Thus, it has been found that when magnetic devices of the type used in the present studies have been used in conjunction with other experimental conditions, the data obtained from various experiments often differ quantitatively although the same qualitative variations were observed in all cases. In addition, with magnetic fields of variable strength, it has sometimes been necessary to circulate solutions for an extended period of time through the system in order to intensify the magnetic effect. For these reasons, the magnets employed in the present work were of the permanent variety with an optimal solution flow rate of 4 m/min being chosen for the treatment of the various solutions studied.
Previous workers have assumed that the influence of a magnetic field on water must be related to the presence of admixtures in the aqueous solution, particularly ones of a ferromagnetic variety. However, experiments conducted with water purified by electrodialysis, viz. containing practically no admixtures, showed that the magnetic field only influenced the water molecules present in the system (Karavayeva et al. 1976 ). It will be noted that distilled water was employed in all cases in the present work and, since the sorption experiments were conducted after the solutions had been exposed to the magnetic field, the chemical nature of the sorbents employed was of no significance.
In the present work, it has been shown that the sodium form of natural clinoptilolite slowly adsorbed Ba 2+ ions from a 0.01 N solution of BaCl 2 , both under ordinary conditions and after the application of a magnetic field. Thus, after 60 min, the extent of adsorption was 0.16 mequiv/g in both cases. After 120 min, Ba 2+ ion sorption from the aqueous solution subjected to the action of a magnetic field was 24% less than that from a similar solution which had not been exposed to magnetic influence. This behaviour is attributed to the small ion-exchange capacity of the natural zeolite and its small pore size as well as to the presence of extraneous impurities.
In contrast, NaA zeolite is selective with respect to Ba 2+ ions (Brec 1974) , with sorption taking place at a moderate velocity and with a strong magnetic field effect being observed (see data listed in Table 1 ). It was found that the rate of the sorption process diminished after exposure of the BaCl 2 solution to a magnetic field, the extent of such an effect being dependent on the time length of the exchange process -with the effect gradually diminishing as the time length increased. Such behaviour was noted both when a single solution concentration was employed and when the sorption extents from different concentrations of the same solution were compared over the same period of time. Thus, when Ba 2+ ion sorption from 0.01 N, 0.02 N and 0.03 N BaCl 2 solutions was studied over 60 min, the ratio a m /a 0 was 63.2%, 84.0% and 91.4%, respectively, where a m is the extent of sorption from the solution subjected to the effect of a magnetic field while a 0 corresponds to that from the unexposed solution. However, under equivalent conditions, this difference disappeared completely.
The decrease in the rate of ion exchange under the influence of a magnetic field may be explained thermodynamically. It is well known that increasing the solution temperature results in an increase in the heat of hydration of the ions because of the decrease in the energy necessary for disruption of the initial water structure which includes those water molecules in the coordination sphere of an ion (Mishchenko and Poltoratskiy 1976) . Similarly, after exposure to the action of a magnetic field and the consequent weakening of the hydrogen bonds in the bulk solvent, one might expect an increase in the thickness of the hydration shells of the ions which would inhibit their motion in the micropores of the sorbent. Measurements of the electric conductivity of aqueous BaCl 2 solutions have demonstrated an increase in the 'structural' water temperature under the influence of a magnetic field, i.e. an increase in the molecular motion of the solvent molecules. Thus, after treatment by a magnetic field, the specific electrical conductivity of 0.01 N BaCl 2 increased from 3.47 × 10 -4 S m to 3.83 × 10 -4 S m, an increase of 10.4%. The crystalline structures, in particular the pore sizes, of A and X zeolites differ, with the entrance 'window' of A-type zeolites being 0.43 nm while that of X-type zeolites is 0.7 nm. Since hydrated Ba 2+ ions possess diameters between these two values, this explains why small changes in the thickness of the Ba 2+ ion hydration shell have no influence on the motion of such hydrated ions in X-type zeolite pores.
Ion exchange on the H-form of KU-2 cation-exchanger is more pronounced than on zeolites. Genuine pores are absent from the network structure of this ion-exchange resin since it is basically a continuous gel and, for this reason, ion exchange in such a resin is influenced in a slightly different manner by magnetic fields than in zeolites with a crystalline structure (see Figure 2) .
In contrast to the behaviour of Ba 2+ ions on zeolitic sorbents, Koksharov et al. (1990) found that magnetic activation of dye solutions led to an increase of 5-26% in sorption by cotton fabrics, whilst irregularities in dye distribution on the fabric decreased by 3-5-times. The authors concluded that such results were connected with an increase in the mobility of the solvent molecules. The data obtained in the present work are listed in Table 2 and largely confirm the results of Koksharov and coworkers. Under the experimental conditions employed, it might have been expected that the magnetic field effect would largely influence sorption on microporous sorbents with a high specific surface area. However, it has been found that the extent of sorption of dyestuffs and other substances on activated carbon increased in most cases after solution treatment by a magnetic field. The explanation for the difference between this behaviour and that observed on porous zeolitic sorbents is that, in contrast to their behaviour on flat surfaces, the motion of adsorbates in a micropore depends on the size of the hydrated molecule. The effective size of a hydrated molecule changes under the influence of a magnetic field while the mobility of water molecules increases. This is the reason why the application of a magnetic field effectively influences the ion-exchange rate exhibited by microporous sorbents (Baran 1997) .
The weakening or cleavage of hydrogen bonds between water molecules under the action of a heterogeneous magnetic field provides evidence of changes in the electronic structure of such molecules. Kiselyov et al. (1989) have considered that the protonic subsystem in liquid water is generated by a Lorentzian force which separates charged H + and OHions (as well as H 3 O + and other ions) formed as a result of the heterolytic dissociation of water molecules. This changes their transition probability among potential wells and leads to the curvature of hydrogen bridges, while the existence of a variable component in the magnetic field generates additional particle nutation.
The transition probability is defined by spin prohibition as has been demonstrated by experiments with heavy water (D 2 O). Thus, no magnetic field effect is observed when ordinary water is substituted by D 2 O in those solutions where Ba 2+ ion sorption from 0.02 N of BaCl 2 solution by NaA zeolite occurs. At 25ºC, the ionic product of H 2 O is equal to 10 -14 while that for D 2 O is 0.2 × 10 -14 , i.e. the concentration of D + ions in heavy water is much less than that of H + ions in ordinary water. In addition, the nuclear spins of ordinary (light) hydrogen H and deuterium D differ considerably from each other.
According to another hypothesis, the content of orthoand para-forms in water is changed by the magnetic field effect by analogy to the situation with orthoand para-hydrogen (Klassen 1982). Since the spins of the nuclei in a molecule of ortho-hydrogen are parallel while they are antiparallel in the molecule of para-hydrogen, this accords with the postulates of the theory of magnetism. Thus, at the magnetic field strengths employed in the magnetic treatment of aqueous systems, the links between the vectors of the magnetic moments of the nuclei and the electrons are disrupted, allowing the electrons and nuclei to re-orient themselves and become separately involved in other processes (Dorfman 1955) .
These hypotheses do not contradict each other since thermodynamic equilibrium is attained while the water molecules are dissociating, so that the protons with changed spins can pass into undissociated water molecules and thereby change their properties.
